EARLY WORK ON MUSCLE led to the discovery of the chemical basis for muscular contraction: The contractile protein actomyosin was discovered, ATP was established as the energy source for contraction, and the enzymatic activity required for utilization of ATP was localized to a portion of the actomyosin. Recent advances may offer insight into the control of muscular contraction, that is, the way in which contractile activity is turned on and off and how its intensity is graded.
The basic mechanism of muscular contraction can be studied in the test tube. It Completion of the contraction cycle with a return to the resting state must be accompanied by removal of the calcium which entered the cell. This requires an active transport system in the cell membrane which returns the activating calcium to the extracellular fluid.
The foregoing is not meant to suggest that the relaxing factor vesicles are unimportant in heart muscle. They are present in heart muscle and may play an essential role in excitation-contraction coupling, particularly since the amount of extracellular calcium which enters during excitation is only a fraction of the total thought to be necessary for full activation of the contractile protein. 8 However, the point to be emphasized is that in the heart the vesicle system alone is not sufficient: Influx of extracellular calcium is required, and the magnitude of the influx influences the strength of the ensuing contraction.
The contrast between skeletal and heart muscle is now apparent. In skeletal muscle the activating calcium is thought to be released from specialized intracellular vesicles and is reaccumulated by them in each contraction-relaxation cycle. The muscle is a self-contained unit which can cycle independently of the external medium. In fact, contractions can be evoked in bathing media containing negligible amounts of calcium.9 The function of the relaxing factor vesicles and their membranes across which the intracellular calcium movements occur are doubtless critical for normal skeletal muscle function. On the other hand, in heart muscle the cell membrane itself also plays a critical role, since at least part of the activating calcium crosses this membrane from extracellular fluid to cell interior and is subsequently pumped out again to complete each cycle. Furthermore, not only is extracellular calcium essential for activation, but changes in extracellular calcium concentration cause changes in the strength of contraction. It is apparent that excitation-contraction coupling and gradation of contractile response are closely related in cardiac muscle.
One would, therefore, expect to find mechanisms in the intact animal for regulating cardiac contractile force by altering the amount of calcium that enters the cell during activation. Cardioglobulin, a plasma protein system which increases contractility of isolated cardiac muscle, may qualify for this role by releasing its protein-bound calcium into the cell.10 The system may be important for maintenance of normal cardiac contractility. 11 Regulation of contractile response through the amount of calcium entering the cell during activation could be accomplished in other ways. For example, there could be control of the extent of increase in cell membrane permeability to calcium occurring during excitation. Disturbances in control mechanisms, leading to impaired regulation of myocardial contractility, may be the basis for certain types of congestive heart failure. The importance of cell membrane and relaxing factor vesicles in excitation-contraction coupling provides a new frame of reference Circulation, Volutme XXXIII, Alay 1966 for the study of these unsolved clinical problems. EDWARD 
